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(54) Free-flowable, directly compressible starch as binder, disintegrant and filler for 
compression tablets and hard gelatine capsules 



(57) A directly compressible starch consisting in an 
intense white free-flowing powder showing both excel- 
lent compression profile and extremely good disintegra- 
tion properties. This starch is especially designed to be 
used as a binder in direct compression processes where 
it yields very hard white tablets at relatively low com- 
pression forces. Tablets resulting from the compression 
of the above mentioned starch disintegrate in an aque- 



ous medium at a very high speed and they additionally 
exhibit low friability pattern. This free-flowing starch also 
brings advantages when used as filler and binder in the 
filling of some hard gelatine capsules especially for 
these which are filled by p re-compression of the ingre- 
dients. This starch is characterised by regular and 
smooth partially swollen granules which can be either 
birefringent or non-birefringent. It can be prepared by 
spray-drying of a partially cooked starch. 
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Description 

Technical field 

s [0001] This invention relates to a free-flowing compressible processed starch powder suitable for use both as a 
binder and as a disintegrant in tablets or capsules and to a process for producing this. 

Background of the invention 

10 [0002] Tablets and capsules are amongst the most frequently employed delivery forms for most medicinal prepara- 
tions. This situation can be explained by the fact that these dosage forms allow a good accuracy of dosage of the active 
component of the medicinal formulation. Furthermore, as no liquids are generally involved in the process for preparing 
these medicinal formulations, handling and packaging are a lot easier. Last but not least, conservation and stability of 
these preparations are generally better than those ot other formulations. 

is [0003] The same arguments also explain the reason why tablets are often used as media for other applications such 
as food, including confectionery products, aromas or sweeteners, detergents, dyes or phytosanitary products. 
[0004] Tablets can be manufactured using three main processes, wet granulation dry granulation and direct com- 
pression. 

[0005] In wet granulation, components are typically mixed and granulated using a wet binder, the wet granulates are 
20 then sieved, dried and eventually ground prior to compressing the tablets. 

[0006] In dry granulation, powdered components are typically mixed prior to being compacted, also called pre-com- 
pression, to yield hard slugs which are then ground and sieved before the addition of other ingredients and final com- 
pression. 

Direct compression is now considered to be the simplest and the most economical process for producing tablets. This 
25 process requires only two steps: i.e., the mixing of all the ingredients and the compression of this mixture. 

[0007] Hard gelatine capsules are usually filled with their ingredients according to two possible techniques. One uses 
gravity when these ingredients are poured into the capsule due to their natural flow. The other involves partial com- 
pression according to which the ingredients are compressed inside a calibrated punch prior to being deposited into 
the capsule. 

30 [0008] A component of a tablet or capsule is usually defined as being either an excipient or an active ingredient. 
Active ingredients are normally ones that trigger a pharmaceutical, chemical or nutritive effect and they are present 
only up to the strict limit necessary for providing this effect in the right proportion. Excipients are chemically and phar- 
maceutical^ inert ingredients which are included to facilitate the preparation of the dosage forms or to adapt the release 
of the active ingredients. 

35 [0009] Excipients, when intended for direct compression, mustfulfil a certain number of properties. They should have 
a high flowability. They should have a high compressibility, a good pressure-hardness profile. They should be compat- 
ible with all types of active ingredients and not interfere with their biological availability, they also should be stable 
against ageing, air moisture and heat. They should be colourless and tasteless. And finally they should possess proper 
mouthfeel. 

40 [0010] Excipients can be characterised according to their function during the formulation as, for instance, binders, 
disintegrants, fillers (or diluents), glidants, lubricants and eventually flavours, sweeteners and dyes. 
[0011] Lubricants are intended to improve the ejection of the compressed tablet from the die of the tablet-making 
equipment or from the punches used for compressing ingredients for introduction into capsules. 
[0012] Glidants are added to improve the powder flow. They are typically used to help the mixture of all the compo- 

45 nents to fill evenly and regularly the die before the compression. 

[0013] Fillers are inert ingredients sometimes used as bulking agents in order to decrease the concentration of the 
active ingredient in the final formulation. The function of filler may, in some cases, be also provided by the binder. 
[0014] Disintegrants may be added to formulations in order to help the tablets disintegrate when they are placed in 
a liquid environment and so release the active ingredient. The disintegration properties are, mostly, based upon the 

so ability of the disintegrant to swell in the presence of a fluid, such as water or gastric juice. This swelling disrupts the 
continuity of the tablet structure and thus, allows the different components to enter into solution or into suspension. 
Commonly used disintegrants include native starches, modified starches, modified celluloses, microcrystalline cellu- 
lose or alginates. 

[0015] Binders are used to hold togeth r the structure of the dosage forms. They have the property to bind together 
55 all the other ingredients aft r sufficient compression forces have been applied and they provide the integrity of the 
tablets. Commonly used compression binders include pregelatinised starches, polyvinylpyrrolidone, methylcellulose, 
microcrystalline cellulose, sucrose, lactos , dextrose, sorbitol or mannitol. 

[0016] Starches are known to act in some cases as binders and in some other cases as disintegrants according to 
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the fact that 1h y ar native, chemically modified or physically modified. 

[001 7] Nativ granular starches and, to a smaller extent, cooked starches (also referred to as pregelatmised starches) 
can show somewhat limited binding capacities when employed in direct compression. Cooked starches even when 
thev are satisfactory as binders are not satisfactory in terms of disintegration. These starches do not realty disp rse. 
s they showthe tendency to prev ntthep netration of water into the tabl t,thuspr v nting its disintegration, by forming 

a tacky film on its surface. . . 

t001 81 EP-A-04021 86 describes a directly compressible starch mixture obtained by mixing 1 to 20% of a starch paste 
with 99-80% ol native starch. The starch paste is obtained by treating native starch at B5'C which results in breaking 
ol the starch granules. 

w [0019] Partially cold water swellable starches for use as binders and/or disintegrants in the manufacture of tablets 
by direct compression and as fillers for formulations supplied in hard gelatine capsules, are described in US-A- 
3 622 677 and US-A-4,072,535. The material described is essentially a pre-compacted starch powder obtained by 
subjecting a non-gelatinised granular starch to physical compaction between steel rollers with the possible input of 
thermal energy. The compacted starch shows the presence of sharp biref ringent granules and non-biref nngent granules 

is as well as some aggregates of granules and fragments dried to a moisture content of 9-16%. After the compactetion 
the starch is ground and sieved to yield a Iree flowing powder. The above mentioned starch powders exhibit limited 
binding capacity in direct compression and poor disintegration properties. Formulations of active ingredients prepared 
using that kind o1 excipient are described, for instance in EP-A-0,1 30,683 for N-acetyl-p-ammophenol. 
[0020] Other cold water swellable physically modified starches are described as being useful as disintegrant but with 

so very poor binding properties (see US-A-4,383,111). In that case, the granular starch is cooked in the presence of water 
and possibly an organic solvent at a temperature not higher than 10'C higher than its gelatinisation temperature. The 
so-obtained starch is then dried resulting in non-biretringent granules. Mixtures containing cold water swellable starch 
are described for food application i.e. US-A-3,956,51 5, for the preparation of starch batter for meet pieces. 
[0021] Chemical modification of starch has also been investigated. Crosslinked pregelatinised starches such as 

25 starch phosphates, starch adipates. starch sulphates, starch glycolates or carboxymethyl starches are uselul as dis- 
integrants although they exhibit poor binding capacities (see US-A-3,034,911 and US-A-4,369,308). 
[0022] Acid and enzyme hydrolysed starches are reported to be useful as binders (US-A-4,551 ,177). These com- 
pressible starches are prepared by treating a granular starch with an acid and/or alpha-amylase enzyme at a temper- 
ature below the gelatinisation temperature of the starch. These treated starches show altered and weakened granules 

30 with disrupted surfaces. These starches are said to be useful as binders for tabletting as well as binders and fillers for 
capsule filling and are said to exhibit reasonable disintegration properties. 

[0023] Dextrinised starches (see US-A-4. 384,005) and starch fractions such as non-granular amylose (see US-A- 
3,490,742) are also described as having limited binding and/or disintegration properties. These are of limited interest 
due to the expensive processes needed for their preparation. 
as [0024] It appears clearly lhat there is a need for a tree-flowing directly compressible starch powder showing both an 
excellent compression profile and very good disintegration properties and which is neither chemically modified nor 
chemically or enzymatically treated and without the use of an organic solvent. 

Summary of the invention 

40 

[0025] According to the present invention there is provided a free-flowing directly compressible processed starch 
powder characterised in that it comprises regular and smooth partially swollen granules ol starch wherein the ratio of 
non-swollen biref ringent granules to swollen non-biretringent granules is in the range of from 1:5 to 5.1 and in that it 
has an average particle size greater than 50pm and a moisture content of from 3 to 15% by weight. The processed 
4S starch powder according to the invention is suitable for use as a binder in direct compression processes yielding very 
hard tablets at relatively low compression forces as well as suitable for use as a binder and/or filler in the preparation 
of capsule dosage forms. Tablets resulting from the compression of the above-mentioned starch disintegrate in an 
aqueous medium at a high speed and, additionally, exhibit a low friability pattern. 

so Detailed description of the invention 

[0026] The starch powder of the invention is characterised by regular and smooth either biref ringent or non-birefrin- 
gent partially swollen granules. The ratio belween non-swollen biref ringent granules and swollen non-b.ref ringent gran- 
ules can vary from 1 5 to 5:1 . preferably from 1 :2 to 2:1 , and is typically preferred to be around 1 :1 , as characterised 
ss by polarised optical microscopy. The particle size of the free-flowing direct compressible starch powder is noticeably 
bigger than that of the raw material starch and has an average value greater than 50pm, typically from 50 to 500pm 
(about 95pm in the case of maize starch). Further agglomeration of granules is also possible in order to increase 
particle size and to adapt th flow of the powder. 
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[00271 According to the present invention there is provided a process for preparing a free-flowing compressibl starch 
powder comprising the steps; 1) preparing a slurry of starch in water, 2) heating the slurry to a temperature not sub- 
stantially higher than the gelatinisation temperature ol the starch to cause partial swelling of the starch granules without 
causing disruption of the starch granules, 3) cooling the starch slurry to prevent any further swelling of the starch 
s granules and 4) spray-drying the cooled slurry to produc a free-flowing starch powder having a moisture content of 

from 3 to 15% by weight. - ,. ■ , . . 

[0028] Suitable free-flowing direct compressible starch powder can be obtained either by diluting the starch base 
powder in demineralised water in order to form a slurry at a concentration of from 10 and 40%, calculated on dry 
substance basis or by using a starch slurry resulting from the process applied to any relevant starch containing plant 
w (slurry of a concentration of 20% is preferred as being a good compromise between the workability of the product and 
the economical viability of the process). 

The starch slurry is then heated at a temperature close to the gelatinisation temperature ol the starch used such that 
starch granules start swelling without being disrupted and solubilised in the water. This temperature depends upon the 
plant source For maize starch this is typically around 62° C although starches from other sources will require different 

is heating temperatures. We have found that a starch slurry heated to a temperature of more than 5°C higher than the 
gelatinisation temperature of the starch used will result in a viscous paste that cannot be processed further in an 
aqueous medium according to the process of the present invention. Therefore, a relatively strict control of the temper- 
ature within a range of ±5"C of the gelatinisation temperature of the starch used is important. Prelerably, the temperature 
to which the starch slurry is heated is controlled to within a range of ±3'C, and more prelerably within the range of 

20 ±1 °C of the gelatinisation temperature of the starch used. The temperature will depend on the type of starch used. 
The aim always is to obtain a starch which is partially birefringent and partially non-birefringent. The residence time in 
the heating device can vary from 30 see. to 10 min. and is typically around 1 min. The heating device can be any heat 
exchanger, although a direct steam injection heater is preferred because it allows a better control of the temperature 
and the residence time. After heating the partially swollen starch slurry is cooled, typically to a temperature 5-15" C 

25 lower than the heating temperature, in order to stabilise the product and to prevent further swelling or bursting of starch 
granules Preferably a reduction of 6-7" C in the temperature is applied. The stabilised slurry is then spray-dried using 
a spray-drying tower equipped either with nozzles or with turbines. Inlet and outlBt temperatures are controlled such 
that the final free-flowing direct compressible starch powder has a moisture content of 3-15%, preferably 5-10% de- 
pending upon pharmaceutical dosage forms in the use of which this free-flowing direct compressible starch is intended. 

30 [0029] The f ree-f lowing direct compressible starch powder of the invention can be derived from any starch-contain ing 
plant source This includes maize (either normal maize or hybrids such as white maize, waxy maize and high-amylose 
containing maizes), wheat, potato, rice, sorghum, tapioca, cassava and any other similar starch-containing plants. 
White maize and high-amylose starches are prelerred because of the better characteristics of the final products as 
described in the following examples. 

as [0030] The free-flowing direct compressible starch powder of the invention is useful as a binder and/or a disintegrant 
for tablets prepared by direct compression, wet granulation or dry granulation. It is also useful as a binder and a filler 
in the process of filling capsules. 

[0031] A further embodiment of the present invention comprises a composition for the formulation of capsules and 
tablets prepared either by direct compression or, to a smaller extent by dry or wet granulation, containing the above- 
40 mentioned starch powders referred to as free-flowing directly compressible starch powders together with at least one 
active material. 

[0032] The free-flowing compressible processed starch described in this invention can be used to formulate any drug 
usually delivered in tablet or capsule forms. This includes for instance analgesics, antipyretics, anti-inflammatory 
agents, vitamins, antibiotics, hormones, steroids, tranquillisers, or sedalives. Other active materials that can be included 
45 into tablets can also be formulated with the free-flowing compressible processed starch described in this invention. 
This triggers applications such as food, including confectionery products, aromas or sweeteners, detergents, dyes, 
fertilisers or herbicidal products. 

[0033] Tablets obtained using the free-flowing directly compressible starch powders of the present invention as binder 
and disintegrant are characterised by the fact that they show very high hardness at relatively low compression forces 

so whilst they are also capable of disintegrating in an aqueous medium at a high speed, and additionally exhibit a low 
friability pattern Free-flowing directly compressible starch powders of the present invention, can be used as binder- 
disintegrant either alone or in conjunction, at any useful ratio, with any other binders and or disintegranls. Useful dosage 
of the free-flowing directly compressible starch powders of the inventbn varies depending upon active ingredients and 
other excipients and can be comprised from 2 to 95%. 

ss The figures are attached to help the understanding of the nature of the treatments applied to the starch during the 

process. . . . u 

[0034] Fig. 1 shows a partially swollen white maize starch processed at 61 'C (by polarised optical microscopy). It 
shows th presence of a majority of non-swollen bir fringent granules and a minority of swollen non-bir fringent gran- 
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[00351 Fig 2 shows a partially swollen white maize starch processed at 62° C (by polarised optical microscopy). It 
shows the presence of more or less the same number of non-swollen biref ringent granules and swollen non-biretrmgent 

[0036] Fig 3 shows a partially swollen white maize starch processed at 63°C (by polaris d optical microscopy). It 
shows the presence of a minority of non-swollen birefringent granules and a majority of swollen non-birefrmgent gran- 
ules. 

10037] Fig. 4 shows native white maize starch granules by scanning electron microscopy. 
00381 Fig 5 shows a free-flowing directly compressible starch based on white maize granular starch according to 
the invention exemplified in Example 1 by scanning electron microscopy. Big and smooth granules can easily be iden- 
tified. 



EXAMPLE 1 



is [0039] This example describes the production of a free-flowing directly compressible starch powder based on a 
granular white maize starch hybrid. The granular white maize starch powder was diluted in demoralised water in 
order to form a slurry at a concentration of 20% calculated on dry substance resulting in a sluriy with a relative density 
of 1 085 compared to water. The starch slurry was then heated in a direct steam injection heat exchanger at a tem- 
perature of 62° C with a variation of no more than ±1 • C. If the temperature reached 64°C, a viscous paste was obtained 

so which could not be processed further. Microscopic examination of such a paste revealed the absence of birefringent 
granules The heating time was maintained for a time of 1 minute. The partially swollen starch slurry was then cooled 
down to a temperature of 55-57° C by cold water. Drying of the cooled partially swollen starch slurry was carried out 
using a Alfa-Laval spray-drying tower equipped with a turbine turning at a maximum speed of 1 3.000 rd/min and fed 
at 2 7-3 1 m3/h The inlet temperature was fixed at 252'C and the outlet temperature was fixed at around 81 °C in order 

25 to obtain a product with a final dry substance of around 91 %. The intense white free-flowing powder obtained as 
described showed an average particle size of 95 urn compared to 20 urn for the initial granular white maize starch as 
shown in Table 1 . 
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[0040] As shown in Table 1, the above described free-flowing directly compressible starch is characterised by a 
particle size noticeably bigger than that of the raw material starch typically centred on 95 micrometers. As se n by 
polarised microscopy (see Figures 1 to 3), sw lling of starch granules depends very much on the heating temperature 
of the slurry. A heating temperature ot 61-62°C produces granules with atypical ratio between non-swollen birefringent 
5 granules and swollen non-birefringent granules of around 50/50 (Figures 1 and 2). A heating temp rature of 63*0 
results in a product showing a much smaller proportion swollen non-birefringent granules (Figure 3). 

EXAMPLE 2 

10 [0041] This example describes the production of a free-flowing directly compressible starch powder based on a 
granular high-amylose maize starch hybrid. The granular high-amylose maize starch powder was diluted in deminer- 
alised water in order to form a slurry at a concentration of 20% calculated on dry substance resulting in a slurry with 
a relative density of 1.050 compared to water. The starch slurry was then heated in a direct steam injection heat 
exchanger at a temperature of 78 S C with a variation of no more than ±2°C. The heating was maintained for a time of 

is 1 minute. The partially swollen starch slurry was then cooled down to a temperature of 50°C by cold water. Drying of 
the cooled partially swollen starch slurry was carried out using a Niro FSD 4 spray-drying tower equipped with nozzles 
and fed at 10 litre/h.. The inlet temperature was fixed at 200 <> C and the outlet temperature was fixed at around 80°C 
in order to obtain a product with a final dry substance of around 91%. 

[0042] The free-flowing powder of high amylose starch obtained as described showed an average particle size of 
20 85 urn compared to 20 ^im for the initial granular high-amylose maize as shown in Table 2. 



25 



30 



35 



40 



45 



so 



55 



7 



EP 0 933 079 A1 



5 




loose density 


500 g/i 
300 g/l 


10 




o I 
o 

CO 

o 
o 

CM 


° c5 1 


15 




o I 
o 1 

LO 


_ CO ! 


20 




E 
3. 
o 

• i 

to 

CM I 


o ^ 

1 


25 


CM 


LO 

CM 

i 

O 

o 


u) 1 

o d 1 

T— 1 


30 


ID 
_l 
CD 


o 
o 

II * 
LO 


CM W . 

d w I 

° CM 


35 




1 10 

1 I s * 
1 i 

1 o 
1 10 


6 S 


40 




E 

I =1 
1 ° 

1 ^ 

i i 

1 LO 

CM 


1 LO 1 
CD ® I 


45 




1 LO 
1 CM 

1 O 


1 o> 1 

s 


50 




1 ° 
1 




55 




1 -C 

1 o 

1 * 
1 ^ 


Native (%) 
Processed (%) 



8 



EP 0 933 079 A1 

[0043] As shown in Table 2, the above described free-flowing directly compressible starch is characterised by a 
particle size noticeably bigger than that ol the raw material starch typically centred on 85 microm ters. 

EXAMPLE 3a 

[0044] This xample demonstrates th advantages of directly compressible free-flowing starches obtained as d - 
scribed in Example 1 and Example 2 compared to conventional compressible starches when used for the production 
of tablets by direct compression. Tablets were formulated with 98.8% starch, 1% magnesium stearate Ph.Eur.lll (Tra- 
medico) and 0.2% silicon dioxide (Aerosil 200 - Degussa). The starch was sieved over a 0.8mm sieve and blended 
with silicon dioxide for 15 min. at 1 2 rpm. in a low-shear drum mixer. Magnesium stearate was added to the mix and 
blended for 3 min. at 12 rpm. All tabletting trials were performed on a triple punch rotary Korch tabletting press at a 
speed of 40 rpm to produce 1 cm 2 flat faced tablets of a weight of 350 mg. Hardness and dimensions of tablets were 
measured on a PharmaTest PTB-31 1 tablet-test unit. The disintegration time of tablets was determined on a PharmaTest 
PTZ-E in water at 37°C. The friability was measured on a PharmaTest PTF-E friabilator. All tests were performed 
according to the procedures described in European Pharmacopoeia 3 rd edition. The tensile strength (TS) was calcu- 
lated from the hardness according to the formula TS = 2.H / II. DT where H is the hardness of the tablet, D is the 
diameter and T is the thickness. The results are summarised as shown in Tables 3 to 5. 



TABLE 3 







Tensile strength (N/ 


mm 2 ) 




Compression force (kN) 


5 


10 


15 


20 


25 


30 


Processed white maize * 


0.4 


1.6 


2.6 


3.2 


3.5 


3.6 


Processed high-amylose ** 


1.7 


4.1 


5.6 


6.5 


6.8 


7 


Starch 1500™ (Colorcon)*** 


0.2 


0.5 


1 


1.3 


1.5 


1.6 



* Free-flowing white maize starch produced as described in Example 1 

Free-flowing high-amylose maize starch produced as described in Example 2 
*** Starch 1 500™ standard (high) moisture from Colorcon Company 



[0045] Table 3 shows clearly that the hardness, directly indicated by tensile strength measurements, of tablets ob- 
tained by direct compression of the free-flowing white maize starch produced according to the process described in 
Example 1 and, to an even bigger extent, the hardness of tablets obtained by direct compression of the free-flowing 
high-amylose maize starch produced according to the process described in Example 2, are more than significantly 
higher than that of a standard compressible starch at any compression forces. This fact which directly results from the 
high binding capacity of the above mentioned starches allows the manufacture of tablets of similar hardness at lower 
compression forces resulting in significant advantages in the course of the tabletting process. 



TABLE 4 





Disintegration time (min.) 




Compression force (kN) 


5 


10 


15 


20 


25 


30 


Processed white maize * 


1.8 


3.8 


5.9 


6.6 


7.1 


7.1 


Processed high-amylose ** 


1.5 


3.5 


5 


6 


6.5 


7 


Starch 1500™ (Colorcon)*** 


10.7 


15 


25 


30 


no disint 


no disint 



* Free-flowing white maize starch produced as described in Example 1 

- Free-flowing high-amyfose maize starch produced as described in Example 2 

*** Starch 1500™ standard (high) moisture from Colorcon Company 



[0046] Table 4 shows clearly that the disintegration times of tablets obtained by direct compression of the f ree^lowing 
white maize starch produced according to the process described in Example 1 and of tablets obtained by direct com- 
pression of the free-flowing high-amylose maize starch produced according to the process described in Example 2, 
are in the range of being five times smaller than that of a standard compressible starch at any compression forces. 
This results in significant advantages for the delivery of the active ingredients formulated with the above mentioned 
starches. 
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TABLE 5 



10 



1S 



20 





Friability (%) 






Compression fore (kN) 


5 


10 


15 


20 


25 


30 


Processed white maize * 


2.5 


0.3 


0.2 


0.1 


0.1 


0.1 


Processed high-amylose ** 


0.3 


0.1 


<0.1 


<0.1 


<0.1 


<0.1 


Starch 1500™ (Colorcon)*** 


4.5 


3.2 


1.2 


0.8 


0.7 





rree-tiwwiny wmre meutc a™vn ^iw^-«w«- — — r~ 

** Free-flowing high-amylose maize starch produced as described in Example 2 
*** Starch 1500™ standard (high) moisture from Colorcon Company 

[0047] Table 5 shows that even though they have much better disintegration times, at any compression force, the 
tablets obtained by direct compression of the Iree-flowing white maize starch produced according to the process de- 
scribed in Example 1 and the tablets obtained by direct compression of the free-flowing high-amylose maize starch 
produced according to the process described in Example 2, have friability patterns significantly lower than that of the 
standard compressible starch. Therefore, handling and processing of tablets obtained using above mentioned starches 
are easier and safer. 

[0048] As a conclusion it can be stated that tablets obtained using free-flowing directly compressible starches pro- 
duced according to Examples 1 and 2 as binders and disintegrants are characterised by high hardness at relatively 
low compression forces whilst they are also capable of disintegrating in an aqueous medium at a very high speed, and 
additionally exhibit a low friability pattern. 
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EXAMPLE 3b 

[0049] This example reproduces the same experiments as in example 3a using a different formulation for the tablets. 
Tablets were formulated with 99.25% starch, 0.5% magnesium stearate Ph. Eur. Ill (Tramedico) and 0.25% silicon 
dioxide (Aerosil 200 ■ Degussa). Hardness and dimensions of tablets were measured on an Erweka TBH 30 MD tablet- 
test unit. The disintegration time of tablets was determined on a PharmaTest PTZ-E in water at 37°C. The friability was 
measured on a PharmaTest PTF-E f riabilator. AH tests were performed according to the procedures described in Eu- 
ropean Pharmacopoeia 3* edition. The tensile strength (TS) was calculated from the hardness according to the formula 
TS = 2.H / n.D.T where H is the hardness of the tablet, D is the diameter and T is the thickness. The results are 
summarised as shown in Tables 6 to 8. 

TABLE 6 





Tensile strength (N/mm 2 ) 




Compression force (kN) 


5 


10 


15 


20 


25 


30 


Processed white maize * 


0.5 


2.4 


4.2 


5.5 


6.2 


6.6 


Processed high-amylose ** 
Starch 1500™ (Colorcon)*** 


1.9 


4.4 
0.7 


6.9 
1.2 


8.8 
1.9 


10.3 
2.3 


2.5 



* Free-flowing white maize starch produced as described in Example 1 

** Free-flowing high-amylose maize starch produced as described in Example 2 

~* Starch 1500™ standard (high) moisture from Colorcon Company 



TABLE 7 





Disintegration time (min.) 




Compression force (kN) 


5 


10 


15 


20 


25 


30 


Processed white maize * 


1.5 


4 


6 


7.5 


8 


9 


Processed high-amylose ** 


2 


3 




5 




6.5 


Starch 1500™ (Colorcon) *** 




17 


25 




30 


40 



* Free-flowing white maize starch produced as described in Example 1 

** Free-flowing high-amylose maize starch produced as described in Example 2 

*** S larch 1S00™ standard (high) moisture from Colorcon Company 
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TABLE 8 





Friabil 


»ty (%) 






Compression force (kN) 


5 


10 


15 


20 


25 


30 


Processed whit maize* 
Processed high-amylose ** 
Starch 1500™ (Colorcon)*** 


1.58 
0.19 


0.17 
0.08 
2.73 


0.09 
0.04 
1.07 


0.06 
0.06 
0.55 


0.06 
0.02 
0.4 


0.06 
0.04 
0.28 



-ree-iHJwiny «nnc ma.«-v. ~ . , — 

Free-flowing high-amylose maize starch produced as described in Example 2 
*•* Starch 1 500™ standard (high) moisture from Colorcon Company 

roOSOl This example shows that when the formulation is optimised compared with example 3a. the increase -of per- 
toZZL^ZZ tensile strength is even better w*h the direct compressible starch than w.th the standard drrect 
compressible starch. 

EXAMPLE 4 

[00511 This example describes the behaviour of directly compressible free-flowing white maize starch powder ob- 
Eas described in example 1 when used for the preparation of tablets by wet granulation. The granule ,on of the 
slrch wa performed in a Collette GRAL 75 high shear mixer. 16 kg of starch were granulated wrth , kg , of water for 
O minTe granulates were dried in a fluid bed dryer to 1 0°/o moisture. Tab^ 

tare 0 5% magnesium stearate Ph. Eur. Ill (Tramedbo) and 0.25% silicon diox.de (Aerosil 200 - Degussa) Jh. 
arSated starch was blended with silicon dioxide for 1 5 min. at 1 2 rpm. in a low*hear drum mocer. Magnes.um stearate 
w* Padded t0 he mix and blended for 3 min. at 12 rpm. All tabletting trials were performed on a tnple punch rotary 
KorsS tablett in pTess at a speed of 40 rpm to produce 1 cm* flat faced tablets of a weight of 350 mg. Hardness and 
^SSSSSL were measured on a Erweka TBH 30 MD tablet-test unit. The 

determined on a PharmaTest PTZ-E in water at 37°C. The friability was measured on a PharmaTest PTF-Efriabilator. 
A^rwerTperiormed according to the procedures described in European Pharmacopoefc, 3r d edrtron. The tensile 
stlengS ^TS) washed from the hardness according to the formula TS = 2.H / ILD.T where H . the hardness of 
the tablet, D is the diameter and T is the thickness. The results are summarised as shown in Tables 9. 

TABLE 9 



Compression force (kN) 


5 


10 


15 


20 


25 


30 


Tensile strength (N/mm 2 ) 
Disintegration time (min.) 
Friability (%) 


0.45 
0.5 
2 


2.2 
2 
0.22 


4 

2.5 
0.17 


5.5 
3.6 
0.17 


6 

4.2 
0.12 


6.5 
5.2 
0.1 



10052] The results show that the tensile strengths of the tablets obtained after wet granulafon a ej ery ^s.m jar to 
hose of tablets obtained by direct compression as listed in example 3b. This demonstrates the surtabilrty of the drrectly 
compressible starch described in this invention for the preparation ol tablets by wet granulation. 

EXAMPLE S 

[0053] This example demonstrates the advantage of directly compressible free-flowing white maize starch | powder 
obtained as described in Example 1 compared to a conventional compressible starch when used for the productron of 
asot h (Merck USP) tablets by direct compression. Tablets were formulated with 19.3% starch, 80% aspirin. 0.5% 
mSneTm sLarat Ph Eur ... (Tramedico) and 0.2% silicon dioxide (Aerosi. 200 - Degussa). The starch and aspinn 
Lre sTeved over a 0.8mm sieve and blended together with the silfcon dioxide and the magnesrum stearate , for 1 5n«t 
at 1 2 rpm in a low-shear drum mixer. All tabletting trials were performed on a triple punch rotary Korsh tabletting press 
a as P eTdS40 rpmtoproduce 1 ^tablets of a weight of 450 mg. Hardness and dimensrons of tablets we = ured 
on a PharmaTest PTB-311 tablet-test instrument. The disintegration time of tablets was determined on a PharmaTest 
PT E ^ at 3rC Th friabimy of the tablets was measured on a 

performed according to the procedures described in European Pharmacopoeia 3* edrtion. The t ns.le strength (TS) 
was calculated from the harness according to the formula TS = 2.H / ILD.T where H is the hardness of the tablet, D 
is the diameter and T is the thickness. The results are summarised as shown in Table 10. 
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TABLE 10 



Compression fore (kN) 


15 | 


20 | 


25 I 


30 


Tensile strength (N/mm 2 ) 


Asoirin + Processed white maize * 
Aspirin + Starch 1500™ (Colorcon)** 


1.25 
0.7 


1.5 
0.8 


1.6 
0.9 


1.65 
0.95 




Disintegration time (min.) 


Aspirin + Processed white maize * 
Aspirin + Starch 1500™ (Colorcon)** 


1.25 
7 


2 

10 


2.9 
11 


3 
12.5 




Friability (%) 


Aspirin + Processed white maize * 
Aspirin + Starch 1500™ (Colorcon)** 


0.8 
1.75 


0.62 
1.4 


0.55 
1.2 


0.52 
1.25 



* Free-flowing white maize starch produced as described in Example 1 
*• Starch 1500™ standard (high) moisture from Colorcon Company 



[0054] Table 6 shows clearly that the hardness, directly indicated by tensile strength, of tablets obtained by direct 
compression of aspirin plus the free-flowing white maize starch produced according to the process described in Ex- 
ample 1 as binder-disintegrant is significantly higher than that of a standard compressible starch at any compression 
force. This lact which directly results from the high binding capacity of the above mentioned starches allows the man- 
ufacture of tablets of similar hardness at tower compression forces resulting in significant advantage in the course of 
the tabletting process. It also demonstrates clearly that the disintegration times are in the range of being four to five 
times smaller resulting in significant advantages for the delivery of aspirin so formulated. Another advantage of formu- 
lating aspirin with the free-flowing white maize starch produced according to the process described in Example 1 as 
binder-disintegrant resumes in a significantly tower friability resulting in easier and safer handling and processing of 
tablet. 

[0055] As a conclusion it can be stated that formulating active ingredients such as aspirin in tablets by direct com- 
pression using free-flowing directly compressible starch produced according to Example 1 as binder-disintegrant results 
in tablets of higher hardness, lower disintegration times and lower friability profiles at relatively lower compression 
forces. 

EXAMPLE 6 

[0056] This example describes the behaviour of directly compressible free-flowing white maize starch powder ob- 
tained as described in when used for the production of ibuprofen (Knoll) tablets by direct compression. Tablets were 
formulated with 59.25% starch, 40% ibuprofen, 0.5% magnesium stearate Ph. Eur. Ill (Tramedico) and 0.25% silicon 
dioxide (Aerosil 200 - Degussa). The starch and ibuprofen were sieved over a 0.8mm sieve and blended together with 
the silicon dioxide and the magnesium stearate for 15 min. at 12 rpm. in a low-shear drum mixer. All tabletting trials 
were performed on a triple punch rotary Korsch tabletting press at a speed of 40 rpm to produce 1 cm 2 tablets of a 
weight of 450 mg. Hardness and dimensions of tablets were measured on a Erweka TBH 30 MD tablet-test unit. The 
disintegration time of tablets was determined on a PharmaTest PTZ-E in water at 37°C. The friability was measured 
on a PharmaTest PTF-E friabilator. All tests were performed according to the procedures described in European Phar- 
macopoeia 3* edition. The tensile strength (TS) was calculated from the hardness according to the formula TS = 2.H 
/ TT.D.T where H is the hardness of the tablet, D is the diameter and T is the thickness. The properties of tablets 
containing 40% ibuprolen formulated with the free-flowing white maize starch produced as described in Example 1 are 
summarised in Table 11 . 



TABLE 11 



Compression lorce (kN) 


5 


10 


15 


20 


25 


30 


Tensile strength (N/mm 2 ) 


0.45 


1.25 


1.6 


1.75 


1.7 


1.7 


Disintegration time (min.) 


1.1 


3.8 




4.9 




6.1 


Friability (%) 


2.4 


0.9 


0.7 


0.8 


0.8 


0.8 
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10 



is 



20 



EXAMPLE 7 

F00571 This example describes the behaviour of directly compressible free-flowing white maize starch powder ob- 
tained as described in when used for the production ol paracetamol (Merck USP) tablets by direct compression. Tablets 
wer formulated with 59.25% starch, 40% paracetamol, 0.5% magnesium stearate Ph. Eur. Ill (Tram dico) and 0.25 h 
silicon dioxide (Aerosil 200 - Degussa). Th starch and paracetamol were sieved over a 0.8mm si ve and blend d 
together with the silicon dioxide and the magnesium stearate for 15 min. at 12 rpm. in a low-shear drum mixer. 
[0058] All tabletting trials were performed on a triple punch rotary Korsch tabletting press at a speed of 40 rpm to 
produce 1 cm 2 tablets of a weight of 450 mg. Hardness and dimensions of tablets were measured on a Erweka TBH 
30 MD tablet-test unit The disintegration time of tablets was determined on a PharmaTest PTZ-E m water at 37 B C. 
The friability was measured on a PharmaTest PTF-E friabilator. All tests were performed according to the procedures 
described in European Pharmacopoeia 3^ edition. The tensile strength (TS) was calculated from the hardness ac- 
cording to the formula TS = 2.H / n.D.T where H is the hardness of the tablet, D is the diameter and T is the thickness. 
The properties of tablets containing 40% ibuprofen formulated with the free-flowing white maize starch produced as 
described in Example 1 are summarised in Table 12. 

TABLE 12 



Compression force (kN) 


5 


10 


15 


20 


25 


30 


Tensile strength (N/mm 2 ) 




0.6 


1.2 


1.6 


1.9 


2.1 


Disintegration time (min.) 


0.85 


1.2 




21 




2.9 


Friability (%) 




2 


0.76 


0.48 


0.38 


0.32 



25 



30 



35 



40 



EXAMPLE 8 

[0059] This example describes the behaviour of directly compressible free-flowing white maize starch powder ob- 
tained as described in when used for the production of ascorbic acid (Merck USP) tablets by direct compression. Tablets 
were formulated with 59.25% starch, 40% ascorbic acid, 0.5% magnesium stearate Ph. Eur. Ill (Tramedico) and 0.25% 
silicon dioxide (Aerosil 200 - Degussa). The starch and paracetamol were sieved over a 0.8mm sieve and blended 
together with the silicon dioxide and the magnesium stearate for 1 5 min. at 12 rpm. in a low-shear drum mixer. 
[0060] All tabletting trials were performed on a triple punch rotary Korsch tabletting press at a speed of 40 rpm to 
produce 1 cm 2 tablets of a weight of 450 mg. Hardness and dimensions of tablets were measured on a Erweka TBH 
30 MD tablet-test unit. The disintegration time of tablets was determined on a PharmaTest PTZ-E in water at 37°C. 
The friability was measured on a PharmaTest PTF-E friabilator. All tests were performed according to the procedures 
described in European Pharmacopoeia 3* edition. The tensile strength (TS) was calculated from the hardness ac- 
cording to the formula TS = 2.H / n.D.T where H is the hardness of the tablet, D is the diameter and T is the thickness. 
The properties of tablets containing 40% ibuprofen formulated with the free-flowing white maize starch produced as 
described in Example 1 are summarised in Table 13. 

TABLE 13 



45 



Compression force (kN) 


5 


10 


15 


20 


25 


30 


Tensile strength (N/mm 2 ) 




0.5 


1.3 


1.8 


2.2 


2.5 


Disintegration time (min.) 


0.75 


1.5 




3.8 




5.6 


Friability (%) 










0.34 





50 



55 



Claims 



1 A free-flowing directly compressible processed starch powder characterised in that it comprises regular and smooth 
partially-swollen granules o1 starch wherein the ratio of non-swollen birefringent granules to swollen non-birefnn- 
gent granules is in the range of from 1 :5 to 5:1 and in that it has an average particle size greater than 50u.m and 
a moisture content of from 3 to 15% by weight. 

2. A free-flowing compressible processed starch powder according to claim 1 , wh rein the ratio of non-swollen bire- 
fringent granules to partially swollen non-bir fringent granul s is in the rang of from 1:2 to 2:1 . 

3. A free-flowing compressible processed starch powder according to claim 2, wherein the ratio of non-swollen bire- 
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fringent granules to partially swollen non-birefringent granul s is about 1:1. 

4 A free-flowing compressible processed starch powder according to any one of claims 1 to 3, wherein at .east 50% 
of the particles have a particle size of 50um or greater, preferably 75um or greater. 

5 A free-flowing compressible processed starch powder according to any on of claims 1 to 4 which ****** 
pressed 2 a tablet under a compression force of 10KN gK.es a tablet having a Tens.le Strength of at least 1N/ 
mm 2 and preferably at least 2N/mm 2 . 

* A orocess for preparing a free-flowing compressible starch powder comprising the steps; 1 ) preparing a slurry of 
M^£r" the slurry to a temperature not substantially higher than the ge.atinisat.on tempera ure 
cause partial swelling of the starch granules whhout causing disrupt.cn of the starch granules. 3) 

Itgtet^ 

to pSuce a free-flowing starch powder having a moisture content of from 3 to 1 5% by we.ght. 

7 A orocess according to claim 6. wherein the slurry is heated to a temperature which is ± 5°C of the gelatinisatton 
iSZ£Z^*U preferably ± 3-C. and more preferably ± 1'C, of the gelatinisat.on temperature of the 

starch. 

8 A process according to either claim 6 or claim 7, wherein the starch slurry after the heating step is cooled to a 
' temperature which is 5° to 1 5 °C lower than the temperature used in the heating step. 

9 A composition for forming a tablet or other unit dosage form comprising at least one active materia, and, as binder 
or fhler a free-flowing directly compressible processed starch powder of any one of c.a.ms 1 to 5. 

10 A composition according to claim 9 wherein the active material is selected from the group consisting , of pharma- 
ceuSvactL materials, foodstuffs, including confectionery products, aromas or sweeteners, detergents, en- 
zymes and other proteins, dyes, fertilisers and herbicidal products. 

11 A dry compressed tablet comprising at least one active material and, as binder or filler, processed starch said 
orocesTeTstarch comprising regular and smooth partially swollen granules of starch wherein he rat*, of non- 
swX ^ birefrinoent granu.es to swollen birefringent granules is in the range of from 1:5 to 5.1 and havmg an 
^LTe oLrtSfsize greater than 50pm and a moisture content in the range of from 3 to 15% by weight, said 
ZtX^TJZZT<ZpresZ forceof 15KN having a tensile strength greaterthan 2fW, preferably 
greater than SLrf and more preferably greater than 4NW. a disintegration time ,n water at 37»C of less than 
6 minutes and % friability of less than 1%. 
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Fig. 1 Partially swollen white maize starch at 61°C 




Fig. 2 Partially swollen white maize starch at 62°C 




Fig. 3 Partially swollen white maize starch at 63°C 
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S.E.M. PICTURES OF STARCHES 
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